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2010, and provide scaled read-out travel-time data and a list of detected teleseismic earthquakes. 
We also provide information on public access to these data via the Internet. 
 
 
2. Observations 
The original seismic observation systems at Syowa Station were replaced with the current 
recording system (see Fig. 2) by one of the present authors (M. Kanao) in 1997 (Kanao, 1999).   
 
2.1. Seismographic hut and seismographs 
Seismic observations at Syowa Station have generally been carried out using two types of 
seismometers.  The first is a short-period seismometer (HES) with a 1.0-Hz eigenfrequency of 
the pendulum, which has been operated since 1967 (Kaminuma et al., 1968).  The overall 
frequency responses and the magnifications of the HES seismographs (Hagiwara, 1958) are 
shown in Fig. 3.  The second is a three-component broadband seismometer (Streckeisen STS-
1) with a digital recording system, which has been operating since 1990 (Nagasaka et al., 1992). 
For this seismometer, the amplitude and phase responses for the velocity output (Broadband; 
BRB) are shown in Fig. 4 (after Streckeisen and Messegeraete, 1987). 
The current seismographic hut was built in 1996, and all of the sensors in the old vault were 
moved into the new hut in 1997.  The new hut is located about 200 m north of the old vault, at 
WGS84 geodetic coordinates of 69°00ƍ24.0ƎS, 39°35ƍ06.0ƎE (20 m above mean sea level).  
Because the long-period output signals from the broadband seismographs may be affected by 
variations in temperature and atmospheric conditions, the seismometers were installed in a 
small, thermally insulated room in the hut.  The entire outside surface of the hut is covered by 
titanium to maintain a constant temperature. 
Seismic signals from the HES and STS-1 are transmitted to the Earth Science Laboratory 
(ESL) via analog cables (600 m in length) through the main buildings of Syowa Station. 
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2.2. Acquisition system at the Earth Science Laboratory 
The three-component analog outputs of HES were digitized at a sampling frequency of 200 
Hz by a 24-bit analog-to-digital (A/D) converter, generating triggered signals of 80-Hz and 1-Hz 
re-sampling data and 20-Hz continuous outputs.  The signals of the three-component 
broadband STS-1 were also digitized to create triggered output of 80-Hz re-sampling data and 
continuous outputs of 20-, 1-, 0.1-, and 0.01-Hz data.  All the waveform data were formatted as 
a Mini_SEED volume, which is a standard format for data exchange in global seismology.  
The digitized data were automatically transmitted from the A/D converter to a workstation via 
TCP/IP protocol.  All data were stored on the 40-GB hard disk of the workstation, and then 
copied onto DAT or 8-mm tape at 3-month intervals.  The recording status of the A/D 
converter was continuously monitored by a personal computer via an RS-232C serial port. 
Remote-centering of the mass position for the STS-1 sensors can be carried out by keyboard 
commands from the computer using ‘Kermit’ communication software.  The reference clock 
for the new system has been calibrated to Universal Time Coordinated (UTC) by detecting time 
codes by GPS.  Long-term analog-recorders for the HES and BRB output of the STS-1 are 
operated in ESL.  The boom-POSition output (POS) of the STS-1 seismograph is monitored by 
an RD2212-type analog recorder, together with the temperature in the sensor room. 
 
2.3. Data transmission via INTELSAT 
Since 1993, the digital waveforms of both broadband and short-period seismographs have 
been transmitted from Syowa Station to the National Institute of Polar Research (NIPR) via an 
INMARSAT telecommunication link.  Waveform data transmission was greatly improved by 
using an INTELSAT communication link, established in February 2004.  During the 2010 
winter season, continuous data of both HES and STS-1 (sampling frequency of 20 Hz) were 
automatically transmitted to NIPR once a day from the acquisition workstation, using the UUCP 
protocol for data transfer. 
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In addition to remote monitoring of the data acquisition system from NIPR, Internet access 
to the Syowa facilities has improved markedly since 2005, with the development of the 
INTELSAT system.  Moreover, a Web camera, employing the Station LAN, was installed 
inside ESL, followed by improved monitoring of the analogue recorders during periods when 
incapable access to the ESL due to bad weather. 
 
3. Data 
 
By using the waveform data transmitted via INTELSAT, arrival-time information of major 
seismic phases (herein termed ‘read-out data’) is regularly sent from NIPR to USGS/NEIC 
(National Earthquake Information Center) via email, to contribute to the weekly and monthly 
Preliminary Determination for Epicenters (PDE) bulletins. The Quick Earthquake 
Determination (QED) services offered by NEIC are used to identify the seismograms of 
teleseismic events.  This report lists the arrival-time data and corresponding hypocentral data 
of teleseismic events recorded during 2010. The phase arrival-times of teleseismic events are 
detected on short-period digital monitoring seismograms.  Most phases were scaled on the 
vertical component; only clear phases of shear waves were scaled on the horizontal components.  
These phases were identified by comparing the observed travel-time with the calculated time 
within a time difference of 3 s.  The phases identified as P- and S-waves are listed in Table 1.  
The phase K denotes the PKP phase, which can be identified within a time difference of 3 s by 
comparing the observed travel-time with the calculated time.  X denotes a clear phase whose 
wave type can be identified but for which the observed travel time was within 3–10 s of the 
calculated time.  The symbols E and I in the phase column denote emergent and sharp onsets, 
respectively.  The initial ground motion is denoted by + for upward motion and by - for 
downward motion.  Arrival time is given in UTC and the accuracy of the read-out data is 0.2 s.  
The teleseismic events identified in the PDE are indicated by serial numbers (#-xxx) in the table.  
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 These serial numbers correspond to those in the list of hypocentral parameters in Table 2.  
Events without serial numbers are teleseisms whose locations have not been determined by 
NEIC.  Figure 5 shows the hypocenters of the teleseismic events whose initial phases were 
detected at Syowa Station. 
 
4. Publication 
The seismic waveform data, which are continuously transmitted to NIPR and stored in the 
data library server, are accessible upon request via the Internet and/or by UNIX-formatted 
media (CD-R, DAT, etc.). The present authors hereby grant permission for the use of these data 
in scientific publications.  All kinds of archived seismic data (e.g., arrival times, hypocenters, 
analog and digital waveform data, and related document reports) recorded at Syowa Station 
have been accumulated and are available from the data library server (POLARIS; URL: 
http://polaris.nipr.ac.jp/~pseis/syowa). These data can be accessed by using the ‘ftp’ command 
with a password.  If you are interested in using these data for scientific research, please 
contact kanao@nipr.ac.jp for information on availability of the data. 
Archived data (i.e., data collected more than 2 years ago) are stored and are freely available 
from both the NIPR ftp site and from the PACIFIC21 center of the Japan Marine Science and 
Technology Agency.  Any questions concerning data availability from PACIFIC21 should be 
directed to y-ishihara@jamstec.go.jp. 
 
 
5. Data-Processing Staff 
The seismic observation system at Syowa Station was designed by M. Kanao and K. 
Shibuya of NIPR.  The authors express their sincere thanks to Ms. A. Ibaraki of NIPR for her 
efforts in scaling the seismic data.  Information on data access is available at http://polaris. nipr. 
ac.jp/ ~pseis/syowa. 
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Fig. 1.  Distribution of FDSN stations on the Antarctic continent in 2012.  Syowa (SYO), Mawson (MAW), Casey 
(CASY), Dumont d’Urville (DRV), Terra Nova Bay (TNV), Vanda (VNDA), South Pole (QSPA), Palmer 
(PMSA), Sanae (SNAA), Maitri (MTRI).
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Fig. 3.  Over-all frequency responses of the HES seismographs. (Modifi ed after Hagiwara, 1958). 
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Fig. 4.  Amplitude responses (upper fi gure) and phase responses (lower fi gure) for the velocity (BRB) output of the 
broadband seismograph (STS) in the two distinct signal modes of 20-s and 360-s (after Streckeisen and 
Messegeraete, 1987). 
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Fig. 5.  Epicenters of the 1,411 earthquakes recorded at Syowa Station.  The sizes of earthquake circles are 
proportional to the body-wave magnitude (Mb) determined by the National Earthquake Information Center 
(NEIC) (upper: Mercator Projection, lower: Azimuthal Equidistant Projection ).  
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Table 1.  List of phase arrival-time data in 2010.
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Table 1.  Continued.
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Table 2.  List of hypocenters of teleseismic events detected at Syowa Station.  
The total number of events is 1, 411.
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